We discuss the structure of the non-perturbative fermion-boson vertex in quenched QED. We show that it is possible to construct a vertex which not only ensures that the fermion propagator is multiplicatively renormalizable, obeys the appropriate Ward-Takahashi identity, reproduces perturbation theory for weak couplings and guarantees that the critical coupling at which the mass is dynamically generated is gauge independent but also makes sure that the value for the anomalous dimension for the mass function is strictly 1, as Holdom and Mahanta have proposed.
In a recent paper [1] , we presented a mechanism for constructing an effective nonperturbative vertex in quenched QED which incorporates some of the key features required for a gauge theory. It ensures the fermion propagator is multiplicatively renormalizable, the Ward-Takahashi identity relating the fermion propagator to the fermion-boson vertex is satisfied, reproduces perturbation theory for low values of the coupling and yields a strictly gauge independent critical coupling for dynamical mass generation. This construction builds on the results of Dong et al. [2] . The non-perturbative vertex is written in terms of two unknown functions W 1 and W 2 which obey certain conditions, Eqs. (28, 33, 46, 59) of [1] . With the fermion propagator of momentum p given by
the function W 1 corresponds to the equation for the fermion wavefunction renormalization 
in the deep Euclidean region. At criticality, where there is only one momentum scale, Λ the ultraviolet cutoff [3] , the mass function behaves as in Eq. (2) of [1] . We use the same definitions and notations as in [1] unless mentioned otherwise.
Firstly, we recall that if the equation for F (p 2 ) is to have a solution that is multiplicatively renormalizable, then it must behave as
where ν = αξ/4π in keeping with the Landau-Khalatnikov transformation [8] .
It is then well known that in the case of the bare vertex, the mass function obeys the following linearized equation in Euclidean space in the Landau gauge, where F (p 2 ) = 1 :
This equation has the multiplicatively renormalizable solution of the form of Eq. (2), with
where
In order that Eq. (34) of [1] is identical to Eq. (4) for all values of the covariant gauge parameter, ξ, the following must hold true : Introducing in Eq. (6) the variable x, where, for 0 ≤ k 2 < p 2 , x = k 2 /p 2 , and for
we can now retrace the steps carried out in obtaining Eq. (46) in [1] , starting from Eq. (41). This will lead us to the compact equation
where using Eq. (3)
The functions g 1 (x) and g 2 (x) are as defined in [1] . Here, the function V 2 is the counterpart of W 2 in [1] . Eqs. (7, 8) should be compared with Eqs. (46,47) of [1] . The condition Eq. (7) ensures that γ m = 1 in any covariant gauge, just as condition Eq. (46) ensures γ m = 1.058.
As expected, unlike W 2 , V 2 does not vanish in the Landau gauge. Instead, it is
Eq. (8) can be inverted to evaluate the expressions for τ i in terms of V 2 . We shall not
give the expression for τ 6 as it is solely related to the equation for the wavefunction renormalization, Eq. (14) of [1] , and hence remains completely independent of the value of γ m . Repeating the same steps as in [1] , we obtain
where both Q 2 (k 2 , p 2 ) and R 2 (k 2 , p 2 ) are symmetric functions of k and p :
and
and τ (k 2 , p 2 ) is defined by Eq. (17) of [1] . Note that all the momenta above are in Euclidean space. Therefore, appropriate changes of sign have to be made in order to get the expressions for τ i in the Minkowski space to construct the transverse vertex using the basis vectors of Ball and Chiu [7] . Eqs. (10-15) should be compared with Eqs. (52-58)
of [1] . It is here that we note the restoration of simplicity. In contrast with q i (k 2 , p 2 ),
2 ) do not have any dependence on the mass functon M(p 2 ) at all. Moreover, the explicit appearance of the mass term in τ 2 , τ 3 and τ 8 in the present case is only through the factor
unlike the case with γ m = 1.058, where
carry the dependence on the mass function M(p 2 ) through different and more complicated terms.
Imposing the condition that the vertex and its components should be free of kinematic singularities now implies,
which replaces Eq. (59) of [1] and at the critical coupling, it reduces to V 2 (1) + 2V ′ 2 (1) = (ξ + 3)(2ν + 1). The transverse vertex now has the correct lowest order perturbative limit,
Note that Eq. (7) is only true at the bifurcation point just as Eq. (46) in [1] whose exact form for all α might be suggested by Eq. (5) to be
in order to agree with both the α = 0 and α = α c limits, Eqs. (17,7).
We have been able to show that there is no technical difference between the mechanism of constructing the transverse vertex for the case γ m = 1 and γ m = 1.058. On comparing Eq. (47) of [1] and Eq. (8), we can see that the main difference between V 2 and W 2 is that V 2 has an additional piece coming from the longitudinal part of the vertex. As a result of this difference, V 2 does not vanish in the Landau gauge in contrast to W 2 . It is this that ensures at criticality that the anomalous dimension γ m = 1 identically in all covariant gauges in keeping with the results of [4, 5] .
